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Changes in Final Demand,
Industry Product, and PricesFactors Affecting the Postwar industrial
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The period since the end of World War II has been characterized by
an ever rising level of real gross national product. The sizable postwar
increase in real product has not, however, been shared equally by all
industry groups in the economy.' While real GNP increased by 84
per cent between 1947 and 1964, for some industry groups the increase
was over 250 per cent, and for others less than 10 per cent. (Real
product in one industry group actually declined during this period of
over-all growth.) More than one-fourth of the industry groups analyzed
had increases in real product 50 per cent above the average, and
one-third had increases of 50 per cent less than the average. What
factors explain the sizable differences among industry groups in the
extent to which they shared in the over-all postwar expansion of GNP?
This paper utilizes the input—output technique to explain industry
differences in the postwar growth of real product in terms of two
factors—changes in the level and composition of final demand, and
changes in the coefficients, which reflect, among other things, the basic
technological processes of producing a given basket of final goods.
1See"GNP by Major Industries" by Martin L. Marimont in the Survey of
CurrentBusiness, October1962, and "Comparison of Federal Reserve and OBE
Measures of Real Manufacturing Output, 1947—64" by Jack J. Gottsegen and
Richard C. Ziemer in this volume.
NOTE: The term real product is used in this paper as a shortcut for the more
accurate label, gross national product originating in an industry expressed in
constant (1958) prices. The term net product or value added is used to refer to
gross national product originating in an industry in current dollars.20 Changes in Demand, Product, and Prices
industry indexes of Real Product and Direct Sales
to Final Demand
The wide dispersion by industry in the postwar movement of real
product isevident from Table1, which presents indexes of real
product (1958 =100)for three points in time (1947, 1958, and
1964) for forty-two industrial groups in the economy.2 (In general, this
industrial grouping corresponds to the two-digit level of the standard
industrial classification. In some cases, however, it was necessary to
combine two-digit SIC groups, because the classification level of the
input—output table was more aggregative than the two-digit level.)
It is interesting to examine the extent to which industry differences
in the postwar growth of real product are related to differences among
industries in the degree to which they participated in the over-all
growth of final demand between 1947 and 1958, and 1958 and 1964.
For example, if consumer, government, investment, and foreign demand
for the products of a given industry increased at a much slower rate than
total final demand, one would expect the increase in production, and con-
sequently value added and real product in this industry, to be slower
than average, and vice versa. Indeed this is the case in the food products
industry and other industries which sell a large proportion of their
total output directly to final users. However, many industry groups sell
only a small proportion of their total output directly to final users;
for such industries itis unlikely that changes in real product would
be highly correlated with changes in direct sales to final users.
For the purpose of systematically examining the relationship between
changes in real product and changes in direct final demand, indexes
of final demand (in constant 1958 prices) were computed for each
of the forty-two industry groups in the economy for the two periods
1947—58 and 1958—64. The individual industry indexes for real product
2 For the period 1947—58 the industrial distribution of real product upon which
this table is based is that derived from input—output data, and as such differs
somewhat from that which emerges from OBE's work in real product. In general,
these differences are due to various definitional differences in coverage of an in-
dustry. For example, in the input—output table, the construction industry is de-
fined to coverallconstructionactivity wherever performed, including both
private and public force account activity; in the national accounts the construc-
tion industry covers only contract construction. There are numerous other dif-
ferences of this sort, but itis not essential for the purpose of this paper to
catalogue them.Postwar Composition of Real Product 21
TABLE1
Indexes of Real Product by Iridus try Group 1947, 1958, 1964
(1958=100)
SIC No.a Title 1947b
Afl Industries 70.4129.7
01, 02 Farms 80.1105.8
07-9 Ag. services, forestry, and
fisheries 92.7106.4
10 Metal mining 91.0123.2
11, 12 Coal mining 175.9114.7
13 Crude petroleum and natural gas83.2115.0
14 Nonmetallic minerals mining 58.6123. 1
15-17 Constructiond 59.9109.8
20 Food arid kindred products 82.9117.1
21 Tobacco manufacturers 71.8119.0
22 Textile mill products 96.9130. 1
23 Apparel and related products 76.0128. 1
24 Lumber and wood products 121.8128.9
25 Furniture and fixtures 72.5128.7
26 Paper and allied products 69.7140.0
27 Printing and publishing 77.8125.7
28 Chemicals and allied products 42.6152.0
29 Petroleum refining and related
industries 45.1144.3
30 Rubber and misc. plastics
products 83.2163.4
31 Leather and leather products 102.3108.9
32 Stone, clay, and glass products 65.8131.2
33 Primary metal industries 113.7130.2
34 Fabricated metal products 74. 1135.2
35 Machinery, except electrical 87.9153.3
36 Electrical machinery 55.5167.3
37, 19 Transportation equip. and
ordnance 56.0163.6
38 Instruments and related products55.2139.6
39 Miscellaneous manufacturing 81.0119.3
40-47 Transportation 108.7127.7
48 Communication 43.4149.4
49 Electric, gas, and sanitary
services 41.0143.9
50-59 Wholesale and retail trade 69.1131.6
60-64, 66, 67 Finance and insurance 76.4119.0
65 Real estate 53.5136.2
70, 72, 76 Hotels, personal, and repair
services 85.4119.7
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TABLE 1 (concluded)
SICNo.a Title 1947b1964c
73,80-89(except88)Business, medical, etc., services56.5133.2
75 Auto repair, etc. 92.4160.6
78,79 Amusements 104.2121.4
— — Federal government enterprises 54.8145.1
— —
——







—— Restof world 52.7193.8
88 Household 90.1118.6
aFOFmore complete industry titles and the 1958 Input-Output (1.0.)
industry composition of each, see Appendix Table A.
bThereal-product indexes for 1947 are based on value data from the
reworked 1947 input-output table and the 1958 input-output table. The
1947 value-added data were converted to 1958 prices by the use of
value-added deflators developed in connection with OBE's work on
real product.
CThe indexes of real product for 1964are not strictly comparable to
those for 1947 since they were derived directly from OBE's real-prod-
uct data without any adjustments for differences between input-output
and real product in industry definitions. These 1964 indexes are
preliminary.
dThe1947 index includes public and private force account con-
struction as well as contract construction activities. The index for
1964 reflects contract construction activity only.
(from Table 1) and for final demand were then ranked from the
lowest to the highest, and a coefficient of rank correlation computed.3
The coefficient of rank correlation was .705 for the 1947 indexes,
and .601 for the 1964 indexes. Thus, even such a crude measure as
rank correlation does not indicate a marked degree of association
between changes in an industry's direct sales to final users and changes
in its real product.
It is thus evident that the explanation of industry differences in the
movement of real product cannot rest solely upon an examination of
changes in an industry's direct sales to final users. One must also
Three industries, rest of the world, household, and government—all indus-
triesin which value added and final demand are equal by definition—were
omitted from the calculation of rank correlation.Postwar Composition of Real Product 23
examine an industry's indirect sales to final users: sales via the utiliza-
tion of its products in the production of other goods and services which
then go directly or indirectly into the satisfaction of final demands.
Such an analysis must utilize the input—output technique, for this
technique enables one to measure the impact on a given industry's
gross output and net output (or value added) not only of changes in
the final demand for the products of that industry but of changes in
final demand for the output of all other industries as well. Thus, for
example, by using an input—output matrix, one can measure the impact
on output and value added in the steel industry not only of changes
in final demand for steel itself (primarily net export demand) but also
of changes in the final demand for motor vehicles, machinery, and all
other products which directly or indirectly utilize steel in their production
process.4
Methodology for Factoring Causes of Change in industry
Real Product
To better understand the methodology used in this paper to factor the
causes of change in industry real product, it is helpful to view the in-
dustrial distribution of gross national product in any given year as the
direct result of a combination of two basic sets of relationships. One set
is the level and pattern of industry final demands that prevailed during
Of necessity, it is assumed that the reader of this paper is fairly familiar with
input—output analysis and no attempt is made to describe in detail the nature
of this technique. Should the reader wish to familiarize himself further, it may
interest him to consult the following sources:
1. Wassily W. Leontief, The Structure of the American Economy, 1919—39, Ox-
ford, 1951, 2nd ed.
2. Duane Evans and Marvin Hoffenberg, "The Interihdustry Relations Study for
1947," Review of Economics and Statistics, May 1952.
3. Input—Output Analysis: An Appraisal, Studies in Income and Wealth,18,
Princeton University Press for The National Bureau of Economic Research,
1955.
4. Chenery and Clark, interindustry Economics, New York, 1959.
The reader may also wish to consult the three comprehensive input—output
bibliographies listed below:
1. V. Riley and R. L. Allen, Bibliography of Interindustry EcOnomic Studies,
Operations Research Office, Johns Hopkins University, March 1955.
2. Charlotte Taskier, Input—Output Bibliography, 1955—.60, Harvard Economic
Research Project, United Nations, New York 1961.
3. United Nations, Input—Output Bibliography, 1960—63, Selected Papers Series M,
No. 39, New York, 1964.24 Changes in Demand, Product, and Prices
the year, and the other is the prevailing technical relationships between
individual industry final demands and the gross output and net output
(or value added) of each industry. Indeed, the 1958 input—output
table prepared by the Office of Business Economics describes the
economy in just these terms.5
If, in any given year, either the set of industry final demands or the
set of technical relationships between final demand and gross and net
output had differed from what they actually were, a different set of in-
dustry net outputs would have resulted. Thus, for example,if one
multiplied a set of 1964 industry final demands (expressed in 1958
prices) by OBE's 1958 input—output inverse matrix, he would derive
industry estimates of 1964 gross and net output (in 1958 prices)if
1958, rather than 1964, technical relationships had prevailed. If these
derived 1964 real-product estimates are then compared with actual real
product in 1958, one derives a measure of the change between 1958
and 1964 in real product by industry which is attributable solely to
changes in final demand. Further, if these derived estimates of real
product in 1964 are compared to actual 1964 real-product estimates,
one derives a measure of the amount of change in real product between
1964 and 1958 which is due solely to changes in technical coefficients.
(These two sources of change, of course, exhaust the total 1958—64
difference in an industry's real product.) 6
Likewise,if one multiplied a set of 1947 final demands by industry
(in 1958 prices) by the 1958 input—output inverse, he would derive
estimates of 1947 real product if 1958 rather than 1947 technical re-
lationships had prevailed. By comparing these derived estimates of
1947 real product to actual real product in 1958, one could measure
the amount of change in industry real product which isattributable
solely to changing final demand. Similarly, by comparing these derived
estimates of 1947 real product by industry with actual 1947 real product
5See"The Interindustry Structure of the United States," by Morris R. Gold-
man, Martin L. Marimont, and Beatrice N. Vaccara in the Survey of Current
Business, November 1964; also "The Transactions Table of the 1958 Input—
Output Study," Survey of Current Business, September 1965.
6Thetwo sources of change exhaust the total change in real product only
under the particular procedure just described. This procedure in effect employs
1964 weights for the measurement of the technological change factor and 1958
weights for the measurement of the final-demand factor. A procedure which
employed the same set of weights for each factor would leave a residual or "in-
teraction" factor. See Appendix Table E. For further discussion of this point
see references cited in footnote 7.Postwar Composition of Real Product 25
by industry, one could derive a measure of the 1947—58 change in real
product which is due to changing technical relationships. Thus by the
procedures described it is possible to divide the postwar changes in real
product, for two periods 1947—58 and 1958—64, into two components,
that which is due to changes in technical coefficients, and that due to
changes in the level and structure of final demand.
It is also theoretically possible, however, to factor the causes of post-
war change in an industry's real product by alternative methods. For
example, the change between 1947 and 1958 in real product by in-
dustry can be separated into its two components by a procedure which
involves multiplying the 1958 final demands by fixed 1947 technical
relationships. This process would yield industry estimates ofreal
product in 1958 if 1947 technical relationships prevailed. When these
derived estimates of 1958 real product are compared to actual 1958
measures of real product by industry, one would get another estimate
of the amount of change in real product between 1947 and 1958 which
isattributable to changing technical relationships. Likewise, if these
derived estimates of 1958 real product by industry are compared to
actual 1947 industry data on real product, one derives an alternative
measure of the amount of change in real product between 1947 and
1958 that is attributable to changing final demand. These measures
would, in all likelihood, not be the same as those which were derived by
the use of fixed 1958 technical coefficients.7 (Similarly, one could ex-
plain the 1958—64 changes in real product by industry by a procedure
which involved assuming fixed 1964 rather than 1958 technical rela-
tionships for both the 1964 and 1958 final demand.)
It thus becomes obvious that for each subperiod there is no single
correct method of measuring therelative importance of the two
factors—final demand and technical coefficients—which explain the
postwar changes in real product. The best measure of the relative im-
This phenomenon is attributable to the "interaction" factor and occurs when-
ever one attempts to factor out "causes of change" when alternative weighting
schemes are available. For further discussion of this point see comments by
EdwardF. Denisonon the paper by Frank A. Hanna, "Analysis of Interstate
Income Differentials: Theory and Practice" in Regional Income, Studies in In-
come and Wealth 21; Princeton for NBER, 1957; Concepts and Measurement of
Production and Productivity by Irving H. Siegel, pp. 86—92 (a working paper
of the BLS); and the Technical Appendix to "Corporate Profits Since World
War II" by Harlow D. Osborne and Joseph B. Epstein in the Survey of Current
Business, January 1956.26 Changes in Demand, Product, and Prices
portance of the two factors would be an average of the answers that re-
suit from the two alternative procedures available for each subperiod,
i.e., assuming the fixed technical coefficients of the terminal year and
the fixed technical coefficients of the initial year.
In actual practice, however, we were not faced with the immediate
possibility of applying the two alternative procedures for the two sub-
periods 1947—58 and 1958—64. There is, as yet, no input—output in-
verse matrix for 1964 (the Office of Business Economics is currently
working on an input—output table for the year 1963), and the 1947
input—output matrix constructed by the BLS was not conceptually or
statistically consistent with the 1958 input-output table or the na-
tional accounts estimates of the total and component categories of final
demand.
Some progress had been made, however, towards adjusting the 1947
input-output table to the 1958 basis. The Harvard Economic Research
Project, under contract to the Interagency Growth Project, had already
performed the extremely difficult task of reconciling the 1945 Standard
Industrial Classification with the completely revised 1957 Standard
Industrial Classification and had collapsed the 1947 table to the more
aggregative basis of the 1958 table. It had also converted the 1947
table to a 1958 valuation basis. In addition, considerable work had
been done at OBE to make the 1947 estimates of personal consump-
tion expenditures by industry consistent with the 1958 table.8 It was
decided to build upon this work and to develop a 1947 input—output
table as far as possible conceptually consistent with the 1958 table
and the national income and product accounts.9 In this way, we would
have the necessary working tool for applying two alternative methods
offactoringout causes of change in industry real product between 1947
and 1958.
Thepresent unavailability of an input—output table for the mid-
1960's meant that for the period 1958—64 only one of the two alterna-
tive methods could be applied. Since results for the period 1947—58
indicated that there was a marked difference in the measures of the
8 See "Personal Consumption Expenditures in the 1958 Input—Output Study" by
Nancy W. Simon in the October 1965 issue of the Survey of Current Business.
9 This paper does not examine any of the many complicated statistical and
conceptual problems which arose in the reworking of 1947 input—output table
to make it conceptually consistent with the 1958 table. It is hoped that at some
later date the authors can write a paper explaining these procedures.Postwar Composition of Real Product 27
relative importance of the two factors, depending upon whether one
assumed the fixed technical coefficients of the initial or the terminal
year, it was believed that the use of a single method for the period
1958—64 would not yield a true measure of the relative importance of
the two factors. It was therefore decided to confine this paper to an
analysis of the factors affecting real product in the postwar period
1947—58.
The work plan thus calls for an averaging of the two methods of
factoring the total change in industry real product between 1947 and
1958—one method involving the application of a 1958 set of final
demands to a 1947 input—output inverse matrix, and the other the
application of 1947 final demands to a 1958 input—output inverse
matrix.'0 The output totals which result from these matrix multiplica-
tions will then be converted to estimates of value added by the applica-
tion of industry value-added/output ratios which are consistent with
the given year's input—output table. Where necessary these value-added
estimates will be converted to real-product estimates by the use of value-
added price indexes (1958 =100)."
Let us now turn to an analysis of the results obtained by applying
the methodology just described.
influence of Changes in Final Demand on Real Product
by industry
During the period 1947—58, total final demand in constant prices (and
its counterpart, total real product) increased by 42 per cent. As in-
dicated earlier, this rising level of final demand did not affect all in-
dustry groups in the economy to the same extent. For some industry
groups, the direct and indirect effect of the over-all increase in final
demand was a slight lowering in the level of real product, while for other
10SeeAppendix Tables C and D for the separate results of each of these two
methods. Appendix Table E combines the results obtained from both these pro-
cedures and presents alternative measures of each of the two factors which do
not exhaust the total change in real product and thus permit the measurement
of the "interaction" effect as a separate factor.
11Thereworked 1947 table has not yet been repriced in 1958 dollars. The
methodology of this paper required only the deflation of final demand (1947 and
1958, each in the other year's prices) and 1947 value added. The actual step-by-
step procedures for deriving the alternative value-added estimates, together with
the necessary data on value-added/output ratios, final-demand deflators, and
implicit value-added deflators are presented in Appendix Tables A and B.28 Changes in Demand, Product, and Prices
industry groups the direct and indirect effect was an increase of more
than double the over-all percentage. These facts become clear from an
examination of Table 2, which shows the total change in real product
(1947—58) for each of forty-two industry groups in the economy and
distributes this total change between its two components, final-demand
change and change in technical coefficients. Column 6 of this table
shows the actual 1958 industry indexes of real product, while column
8 indicates what the 1958 indexes of real product would have been had
there been no change in the technical coefficients but merely a change
in final demand.
An examination of column 8 shows a wide range in the indexes for
individual industry groups—from a low of 90.8 in the amusements
group to a high of 206.7 in the electricity and gas group. This range of
almost 116 index points is, however, considerably smaller than the
range of 187 points in the total indexes of real product shown in
column 6. Thus, if only final demand had changed between 1947 and
1958 (while the technical relationships had remained constant), there
would have been a considerable narrowing of the extent to which in-
dividual industry indexes of real product differed from the average
index. For example, the index of real product for the coal mining in-
dustry would have been 98.0 rather than the actual index of 56.8 while,
at the other extreme, the index for electricity and gas would have been
206.7 instead of 244.2. This narrowing of the difference between in-
dividual industry indexes of real product and the average index, if
one considers indexes based only on final demand change rather than
indexes based on total change, is almost universal and not just the
case for the extremes of the array. In thirty-two cases, the index in
column 8 is closer to the average index of 142 than is its counterpart
index in column 6, and in only seven cases is it further from the aver-
age than itscounterpart. (For three industries, those where gross
product and final demand are equal by definition, the indexes in column
6 and column 8 are identical.)' The differences between the various
individual industry indexes of real product and the over-all index are
shown in Table 3. For the total indexes of real product the differences
between individual industry indexes and the over-all index average
34.3 points, for the indexes of real product which assume that only final
demand changed, these differences average 20.8 points.
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Notes to Table 2
n.a.not applicable.
aFor more complete industry titles and the 1958 Input-Output (1.0.)
industry composition of each, see Appendix Table A.
bThe real-productestimates shown in this column are based on
value-added data from the reworked 1947 input-output table. These
value-added figures were converted to 1958 prices by the use, with
someslightmodifications,ofthetwo-digit value-added deflators
developed in connection with OBE's work on real product.
CThese data are derived from the published 1958 input-output flow
table.See Survey of Current Business, September 1965.
addition to contract construction activity this industry group
includes public and private force account construction.
is not an actual industry but rather a balancing entry required
by the fact that in the 1958 input-output table the inventory valuation
adjustment was made in total only—not industry by industry as in the
national income accounts. In computing inventory change for the origi-
nal 1947 input-output table a mixture of procedures was employed. For
some industries, notably trade, inventory change was computed on a
revaluedbasis,forothers, inventory change was computed before
revaluation. The information which was required to redo the 1947 in-
ventory change data on a basis consistent with the 1958 input-output
table was not available. Thus, the 1947 entry for the inventory valua-
tion adjustment is not the total of this adjustmentthe national
accounts but oniy that portion of the total which was not taken account
of in the original 1947 procedure for calculating inventory change by
industry.
grand total for real product shown in this table is slightly
different from the published 1947 GNP in constant prices of $314.4
billion. In reworking the 1947 BLS input-output table it was not pos-
sible to agree precisely with the published figures on GNP because
minor statistical revisions in the basic data were not taken account
of in the reworking of the 1947 table.
dustry indexes of real product is considerably narrowed when one con-
structs indexes which reflect solely changes in final demand indicates
that during the period 1947 and 1958 the influence of changing tech-
nical coefficients was to increase the variability of the actual industry
indexes of real product. This would thus imply that, in general, those
industries which had above average increases in final demand (direct
and indirect) were also faced with increasing demand for their product
because of changing technical requirements, while those industriesTABLE 3
Divergence of Industry indexes of Real Product From Average









01, 02 —17.2 —8.4 —8.8
07-9 —34.2 —13.7 —20.5
10 —32.1 —20.1 —12.0
11, 12 —85.2 —44.0 —41.2
13 —21.8 3.7 —25.5
14 28.5 17.4 11.1
15-17 25.1 26.4 —1.3
20 —20.9 —14.5 —6.4
21 —2.8 —19.0 16.2
22 —38.8 —38.9 .1
23 —10.5 —8.0 —2.5
24 —59.9 —20.1
25 —4.1 —5.1 1.0
26 1.4 .3 1.1
27 —13.4 —9.8 —3.6
28 92.8 27.3 65.5
29 79.6 32.5 47.1
30 —21.8 —20.6 —1.2
31 —44.2 —41.8 —2.5
32 9.9 —3.2 13.1
33 —54.1 —21.5 —32.6
34 —7.0 —9.6 2.5
35 —28.2 —29.0 .8
36 38.3 5.2 33.0
37, 19 36.6 35.4 1.2
38 39.0 13.3 25.7
39 —18.5 —16.7 —1.8
40-47 —50.0 —31.5 —18.5
48 88.3 35.5 52.8
49 102.2 64.7 37.5
50-59 2.8 —2.5 5.3
60-64, 66, 67 —11.2 4.0 —15.2
65 44.8 26.9 17.9
70, 72, 76 —24.9 —15.9 9.0
73, 80-89 (except 88) 35.1 23.3 11.9
75 —33.8 2.4 —36.2
78, 79 —46.1 —51.2 5.1
Fed. gov't enterprises 40.4 16.2 24.3
State and local gov't enterprises —13.6 13.5 —27.1
Gov't industry 3.1 3.1 0
Rest of world 47.9 47.9 0
household —31.0 —31.0 0
All industries averageb 34.3 20.8 16.2
aBased on indexes shown in columns 6-8 of Table 2.
bsigns ignored in computation of thisaverage.
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which experienced below average increases, or actual decreases, in final
demand were also industries whose output was in lessened demand be-
cause of changes in the technical requirements of production. (These
facts will become clear in a later section in which we examine the inter-
relationship between changing technical requirements and changing
final demand.)
Influence of Changing Technical Requirements on
Real Product by' Industry
The amount of change in each industry's real product (1947—58) which
is attributable solely to changes in the technical relationships reflected
in the input—output matrices for the two years 1947 and 1958 is shown
in column 4 of Table 2. Within the fixed column total of zero,'2 there is
a wide range in the individual entries from large positives to large nega-
tives, with the number of cases of negative values about equal to the
number of positive cases. Perhaps a more interesting way to analyze
the impact of changing technical relationships is to examine the indexes
in column 7 of Table 2. The entries in this column show what the 1958
industry indexes of real product (1947 =100)would have been had
there been no change in final demand during the period but only a
change in the technical relationships reflectedinthe input—output
tables. An index of 100 indicates that there was a neutral effect of tech-
nical change, an index of under 100 indicates that there was a decline
between 1947 and 1958 in the output and real product of a given in-
dustry that would be required in order to produce a given basket of final
goods, and an index of over 100 indicates an increase between 1947 and
1958 in the requirements from a given industry to produce a
fixed basket of final goods.
Before we proceed with a detailed examination of the changing
technical relationships, it should be pointed out that the changes in
technical requirements reflected in columns 4 and 7 cannot be equated
with technological change. Changing technology is only one of the many
possible causes of change between two periods in the technical co-
efficients reflected in an input-output table. One of the important
12Sincethe total final demand is always equal to the total value added, no
matter what the technical relationships, changing technicalrelationships can
only affect the industry distribution of real its total.36 Changes in Demand, Product, and Prices
factors that could cause a difference between any two periods in the
technical coefficients for a given industry is changing product mix. In
such a highly aggregative picture of the U.S. economy as is reflected
in the eighty-five-order classification system of the 1958 input—output
table, an individual industry cannot represent asingle or even a
homogeneous set of commodities. Shifts between 1947 and 1958 in
the product composition of an individual industry could thus affect the
1947—58 comparison of the technical relationship for that industry.
Over a time span as long as eleven years, changing product mix could
be an important cause of change in the technical relationships.
Another factor which could contributeto changes intechnical
relationships between two time periodsisthe divergence of actual
technical relationships from a linear-homogeneous function. For some
inputs, particularly those which reflect overhead-type costs, there un-
doubtedly is not a strictly proportional relationship between changes
in outputs and changes in inputs. Thus the 1947 coefficients for a given
industry might differ from those of 1958 merely because the scale of
operation or degree of capacity utilization was much greater in 1958
than 1947 (or vice versa).
The problem of nonproportionality of sOme, if not most, inputs could
be particularly important in the present analysis since we are comparing
technical relationships in two years which reflect different phases of
the business cycle. The year 1947 was generally one of over-all
expansion of the business economy while the year 1958 was a year
of a business cycle trough. Hence, for some industries, the two time
periods would reflect markedly different degrees of capacity utilization—
a phenomenon which could seriously influence the comparison of
technical coefficients in the two years.
Finally,it should be pointed out that some of the difference in
technical coefficients may reflect random factors such as differences
between the two input—output tables in thestatistical methods of
estimating the technical relationships, as well as some errors that may
have cropped up in our work in revising the 1947 BLS table to make
it conceptually consistent with the 1958 table. Thus we note several
factors which could contribute to changes between 1947 and 1958 in
the technical coefficients which are not related to changes in the
technological requirements for producing a fixed basket of final goods.
It may be noted from Table 2 that the greatest positive impact ofPostwar Composition of Real Product 37
coefficient change occurred in the chemicals and allied products industry
(SIC 28) where the increase in real product between 1947 and 1958
(based solely on coefficient change) was 65.5 per cent. A strong
positive influence of changing technical relationships was also evident
in the communications industry (SIC 48) and in the petroleum refining
industry (SIC 29) with indexes of real product of 152.8 and 147.1
respectively. The largest negative impact on real product occurs in the
coal mining industry (SIC 11 and 12) where there was a 41 per cent
decline in real product between 1947 and 1958 due solely to changes
in the technical coefficients. Large negative impacts of changes in
technical coefficients also occur in the lumber and wood products (SIC
24) and primary metal (SIC 33) industries where there are reductions
in real product of 40 and 33 per cent, respectively.
It may be noted (from Table 3) that the average industry impact
on real product of changes between 1947 and 1958 in the technical
coefficients was 16.2 per cent (ignoring sign), a somewhat smaller
average impact than that of changes in final demand. Moreover, in
only five industries did the absolute magnitude of the impact on real
product of changes in technical coefficients exceed that of changes in
final demand. In thirty-four industry groups the change in real product
attributable to changes in final demand exceeded that which was
attributable to changes in technical coefficients. (In three industries, by
definition, the entire change in real product is attributable solely to
changes in final demand.) Thus for the period 1947—58 the changing
level and pattern of final demand was a somewhat more important
factor than changes in technical coefficients in explaining industry
changes in real product.
Interrelationship Between Changes in Final Demand
and Technical Coefficients
It may be noted from the tables presented that in most cases the in-
dividual industry indexes of real product which reflect changes in both
final demand and technical coefficients vary from the average index
to a considerably greater extent than do either of the corresponding
indexes which consider solely changes in final demand or technical
coefficients. There is thus an indication that, in general, the two ele-
ments of change in an industry's real product reinforced rather than38 Changes in Demand, Product, and Prices
offset one another. This is especially true of the extremes in the array
of indexes of total change in real product. The industries with the
largest increase in final demand are generally those with the largest
increase in technical coefficients and correspondingly the industries
with the smallest increase in final demand are generally those which
also show a negative influence of coefficient change.
In an attempt to systematically study the interrelationships between
the various industry indexes of real product—total real product, final
demand, and technical coefficients—the individual industry indexes of
total real product have been cross-classified by their corresponding
indexes for the two separate factors. These relationships are displayed
in Table 4 in the form of a frequency distribution where the various
individual industry indexes of total real product have been combined
into five groups. Each of these groups is then distributed according to
whether the indexes of real product based solely on final demand or
technical coefficient were average, above, or below average. A final-
demand index of real product was considered below average if it was
below 128.0 and above average if it exceeded 155.9. An index of real
product for technical coefficients was classed as below average if it was
under 90.0, and above average if it exceeded 110.0.
It may be noted from Table 4 that all six industries which had the
lowest indexes of total real product were in the group with below
average final-demand indexes, and that four of these six had below
average technical coefficient indexes as well. Of the twelve industries
which had total-real-product indexes in the below average range, none
were included in the group with above average final-demand indexes,
and eight were in the group with below average final-demand indexes.
Furthermore, all of these twelve industries had average or below aver-
age technical coefficient indexes. Within the group of eleven industries
with average indexes of total real product, seven had average indexes
for both final-demand and technical coefficients. There was only one
industry in the average group (SIC 21—tobacco manufactures) which
had offsetting indexes, below average final demand and above average
technical coefficients. All but two of the seven industries in the sub-
group with above average indexes of total real product were indus-
tries with above average indexes of final demand and none of these
industries had below average indexes of technical coefficients. Five of






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.40 Changes in Demand, Product, and Prices
the category of above average indexes for both final demand and tech-
nical coefficients. Thus, a fairly regular pattern of relationships between
the component indexes of an industry's real product and its total index
seems to emerge.
The fact that the two factors, technical coefficient change and final
demand change, tended to reinforce one another makes it seem likely
that there are some basic underlying trends which influenced both these
movements in the same direction. For example, in the chemicals in-
dustry (SIC 28) the above average real-product indexes for both final-
demand and technical coefficients may be regarded as a reflection of
the growing importance of chemicals in all aspects of our modern day
life. Similarly, the below average indexes for technical coefficients and
final demand in the coal industry are indications of the declining im-
portance of coal as both an industrial and residential fuel. One would
logically expect such strong tendencies to continue beyond 1958.
If these observed trends were to continue, one would expect a fair
degree of success in predicting the 1964 pattern of individual industry
indexes of real product based on the pattern evidenced during the
1947—58 period. Thus we would expect the six industries that had
above average real-product indexes in the 1947—5 8 period to be the
industries with above average indexes of total real product in the
1958—64 period. This should be particularly true for the five industries
in this group which had above average indexes for both final demand
and technical coefficients. Correspondingly, we would expect the four
industries with 1958 indexes below average, both for final demand
and for technical coefficients, to be in the group with below average
1964 indexes of total real product.
Relationship Between 1958 and 1964 indexes
of Total Real Product
In this section we examine the relationship between individual indus-
try indexes of real product in the 1947—58 period and the 1958—64
period. This relationship can be observed from Table 5, which dis-
tributes the various industries according to both their 1958 and 1964
indexes of total real product. This table is in the form of a two-way
frequency distribution in which the total array of real-product indexes























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.42 Changes in Demand, Product, and Prices
It can be noted from this table that there is some positive correlation
between the relative standing of an industry index in 1958 and in
1964, but the is not as marked as one might expect. Though
none of the industries which were in the lowest group in 1958 can be
found in the highest group for 1964, and vice versa, there is neverthe-
less fairly wide dispersion.13
Of the six industries which were in the lowest group in the 1947—58
period only one was in the lowest group in the 1958—64 period; two
were in the below average group; and three were in the group with
average change in the second period. What is more surprising is that
the three industries which diverged most from their expected position
in the frequency distribution had below average indexes for both final
demand and technical coefficients in the 1947—58 period. However, for
some of them, particularly the primary metals industry (SIC 33),
cyclical rather than trend factors may have caused the 1947—58 final-
demand indexes to be below average. (The year 1947 was a period of
expanding activity, while 1958 was a year of growth and
low demand for durable goods.) It would not be expected that these
cyclical influences would continue into the 1960's.
Of the twelve industries which showed below average growth in
real product in the earlier period, only five were in the corresponding
class in the 1958—64 period. Contrary to expectations, three of the
twelve industries (SIC's 30, 35, and 75) were in the highest group in
the 1958—64 period. However, since these were industries where there
was mixed influence of technical coefficients and final demand in the
earlier period, one might expect the 1958—64 index of change, to be
less predictable. The automobile repair industry (SIC 75) had an
average final-demand index but a below average coefficient index in
the 1947—58 period, while the two others, rubber and miscellaneous
plastics (SIC 30) and machinery, except electrical (SIC 35), had be-
low average final-demand indexes and average coefficient indexes. For
at least one of these, the machinery industry, the low level of invest-
13 One possible explanation for this dispersion may be that the indexes of real
product for 1964 are not strictly comparable to those for 1947 since they were
derived directly from OBE's real-product data without any adjustments for
differences between input—output and real product inindustry definitions. In
addition, all of the 1964 indexes are preliminary in the sense that they have
not benefitted from a bench-mark revision.Postwar Composition of Real Product 43
ment demand in 1958 might have contributed to the low final-demand
index in the 1947—58 comparison.
Towards the other end of the scale in Table 5, onlye.two of the seven
industries which showed above average increases in the 1947—58 period
were in the corresponding class in 1958—64. Two industries differed
markedly from their expected position in the table, construction (SIC
15—17), which had one of the lowest indexes, and nonmetallic min-
erals mining (SIC 14), which showed a below average increase in the
latter period. For construction, the failure to include force account
activity in the 1958—64 indexes may have influenced the comparison
of the two periods. For nonmetallic minerals mining, there is no ap-
parent reason for itsdifferent relative standing in the two periods,
particularly since this industry falls in the above average groups of
Table 4 on both counts, technical coefficients and final demand. Here
is a case where one would have expected the above average increase to
have continued into the 1958—64 period.
Of the six industries in the group with the highest increases from
1947 to 1958, only one, real estate (SIC 65), differed considerably
from what one might expect. It showed only an average increase in
the 1958—64 period, despite the fact that it had above average indexes
for both final-demand effect and technical coefficient effect in the
1947—58 period. The above average 1958 indexes for final demand,
however, may have reflected cyclical rather than longer-range factors
since consumer rental payments are not as sensitive to cyclical changes
in the level of economic activity as is the demand for other goods and
services. Similarly, rent is a production cost which is likely to be non-
proportional and, consequently, to show a higher ratio to total costs
in times of reduced activity than in times of expanding activity, thus
explaining the above average position of the 1958 technical coefficient
index for the real estate and rental industry.
A varied picture thus emerges from Table 5. Only seventeen in-
dustry groups were in their expected positions in the array of indexes
for the 1958—64 period, sixteen industry groups differed slightly from
their expected positions, and nine differed markedly. In some cases,
these differences may be explained in terms of cyclical influences on
the component factor indexes. In other cases, random factors or statisti-
cal noncomparabilities may have affected the comparison of indexes of44 Changes in Demand, Product, and Prices
real product for the two periods.. When the 1963 OBE input—output
table becomes available and it becomes possible to factor out the
causes of change in real product for the period 1958—64, one can
then determine to what extent the tendencies which operate in the
1947—58 period have continued into the latter period.
Appendix:, Step by Step Procedure for Factoring Change
in Real Product by Industry Group (1947—58)
I. Compute total change in real product 1947—58.
A. Combine industry estimates of value added from 1958 input—
output table to two-digit level.
B. Combine industry estimates of value added from reworked
1947 input—output table to two-digit level.
C. Convert 1947 value added to 1958 prices by use of implicit
value added defiators.
D. Subtract 1947 real product from 1958 real product.
II. Compute 1958 real product if 1947 technical coefficients and 1958
final demand had prevailed.
A. Convert 1958 final demand to 1947 prices by use of special
final-demand deflators for each industry developed for this
paper.
B. Apply 1958 final demand to 1947 inverse to yield 1958 out-
put in 1947 prices.
C. Multiply derived 1958 outputs by value added/output ratios
from reworked 1947 1.0. Table to yield 1958 value added in
1947 prices—combine to two-digit level.
D. Convert estimated 1958 value added in 1947 prices to 1958
prices by use of implicit deflator for value added.
III. Factor total change in real product 1947—58 (fixed 1947 coeffi-
cient method).
A. For each industry group, subtract derived 1958 real product
(from Step II, D above) from the actual 1958 input-output
estimate of real product—to yield amount of real product dif-
ference (1947—58) which is due to changes in coefficients.
B. For each industry group, subtract actual 1947 real product
from derived 1958 real product (from Step II, D above) toPostwar Composition of Real Product 45
yield amount of real product change (1947—58) which is
due to changing final demand.
IV.Compute1947 real product if 1958 technical coefficients and 1947
final demand had prevailed.
A. Convert 1947 final demand to 1958 prices by use of special
final-demand deflators by industry developed for this paper.
B. Apply 1947 final demand to 1958 inverse to yield 1947 output
in 1958 prices.
C. Apply 1958 value added/output ratios from 1958 1.0. Table
to yield 1947 value added in 1958 prices (real product)—
combine to two-digit level.
V.Factortotal change in real product, 1947—58 (fixed 1958 coeffi-
cient method).
A. For each industry group, subtract derived 1947 real product
(from Step IV, C, above) from actual 1958 input—output
estimate of real product to yield amount of real product dif-
ference (1947—58) which is due to changing final demands.
B. For each industry group, subtract actual 1947 input—output
real product from derived 1947 real product (from Step IV, C,
above) to yield amount of real product change (1947—58)
which is due to change in coefficients.
VI.Averagingof factor shares—two methods.
A. For each industry group, average values obtained in Step III,
A, and Step V, B, to yield amount of real product change
(1947—58) due to coefficient changes.
B. For each industry group, average values obtained in Step
III, B, and V, A, to yield amount of real product change
(1947—58) due to final demand changes.TABLE A






01, 02 1, 2 Farms
07-9 3, 4 Agricultural services, hunting and trapping,
forestry and fisheriesa
10 5, 6 Metal mining
11, 12 7 Coal mining
13 8 Crude petroleum and natural gasb
14 9, 10 Mining and quarrying of nonmetallic
minerals, except fuels
15-17 11, 12 ConstructionbC
20 14 Food and kindred products
21 15 Tobacco manufactures
22 16, 17 Textile mill productsd
23 18, 19 Apparel and related productsde
24 20, 21 Lumber and wood products, except furniture
25 22, 23 Furniture and fixtures
26 24, 25 Paper and allied products
27 26 Printing and publishing
28 27-30 Chemicals and allied
29 31 Petroleum and related industries
30 32 Rubber and miscellaneous plastics products
31 33, 34 Leather and leather products
32 35, 36 Stone, clay, and glass products
33 37, 38 Primary metal industries1'
34 39-42 Fabricated metal products
35 43-52 Machinery, except electrical
36 53-58 Electrical machinery
37, 19 13, 59-61Transportantion equipment and ordnance
38 62-63 Instruments and related products
39 64 Miscellaneous manufacturinge
40-47 65 Transportation









49 68 Electric, gas, and sanitary services
50-59 69 Wholesale and retail trade
60-64, 66, 6770 Finance and insurance
65 71 Real estates
70, 72, 76 72 Hotels, personal, and repair services,
except auto repairh
73, 80-89
(except 88)73, 74, 77Business, medical, professional, and
educational services, and nonprofit
organi
75 75 Auto repair, auto services, and garages
78, 79 76 Amusements
—— 78 Federal government
—— 79 State and local government enterprise&
—— 84 Government industryl
—— 85 Rest of the world industryk
88 86 Household industry1
asIc 0722 — of veterinatians and animal hospitals is includ-
ed with SIC 80, medical and other health services.
bSIC 138, oil and gas field services is included with SIC 15-17,
construction.
Cmaddition to contract construction activity, as specified by the
SIC, this industry group includes public and private force account
construction.
dSIC 225, knitting mills is included with SIC 23, apparel and relat-
ed products.
esic 3922, furs, dressed and dyed, is included with SIC 23, apparel.
part of SIC 2819, is included with SIC 33, primary metal
in du s tries.
gsic 6541, title abstract companies is included with SIC 73,
business services.
hsIC 7694, armature rewinding shops and SIC 7699, repair shops
nec are included with SICbusiness services.
'This industry includes those activities of government agencies, with
separate accounting records, that cover over half of their current oper-
ating costs by the sale of goods and services to the general public.
)Value added in this industry is measured by employee compensa-
tion of federal, state, and local government employees.
kyalue added in this industry reflects income originating in the
rest of the world.
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COMMENT
GARY FROMM, The Brookings Institution
It is always delightful to read a paper by Bea Vaccara. Her papers are
neat, direct, methodical, and meticulous. The procedures employed are
stated explicitly, and one can be sure that the calculations have been
carried out with great care. This paper by Vaccara and Simon is no
exception.
The idea involved is a simple one. The authors present it in verbal
form; for additional clarity, I shall restate it mathematically and dia-
grammatically. They begin with the basic input—output relation:
(I) F=(I—A)S
where F =ann component colunm vector of industry final demands;
I =ann X n identity matrix;
A =ann X n matrix of coefficients with elementswhich are the
dollars of input from industry I required to produce a dollar
of gross output of industry j;
S=ann component column vector of gross industry output.
Then, a substitution is made for S:
(2) S=CX
where C =ann X n diagonal matrix whose elements are the dollars of
gross output of industry i per dollar of real product (value
added) of that industry;





A time subscript can be attached to the X and F vectors. They must,
however, be mqasured in the same prices as C and A, although then they
can be transformed into quantities with prices of other periods. Thus,
(4)P1581947X471953 = P58i947F58195960 Changes in Demand, Product, and Prices
where superscripts are the base year of price indexes or the constant dollars
in which monetary flows are measured; subscripts are the period of
observation. The price variables are defined as follows:
=ann X n diagonal matrix of indexes of current-dollar value
added per constant dollar of real product, 1958 =1.00
PF58 =ann X n diagonal matrix of indexes of prices of industry
gross output, 1958 =1.00.
Now, call the left hand variable p581958 1947, or "estimated output
originating measured in superscript (1958) dollars in year i (1958) using
input-output matrix for year j(1947)."That is:
1947 =Px581947X471958
Vaccara and Simon use this quantity to divide the total change in gross
product originating in each industry into two components: (a) that due
to changes in final demand of all industries; and (b) that due to shifts in
input-output coefficients of all industries. That is:
Total change =X581958—X581947
(5) Due to change in coefficients =X581958—
(6)Due to change in final demand =p5819581947 —X581947
Similarly, it is possible to derive the estimated output originating in 1947,
measured in 1958 dollars, using the input-output matrix for 1958, i.e.,
19471958. Then an alternative set of change measures is
Total changeX581958 —X581947
(7)Due to change in final demand =X581958—p5819471958
(8) Due to change in coefficients —
Whilethe total change is the same for either measure, the distribution of
the output difference between that due to a change in coefficients or a
change in final demand is not likely to be identical. Therefore, Vaccara
and Simon take the simple arithmetic average as their indicator, or:
Average change in final demand =
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Average change in coefficients =
½[(X581958—X581947)+ — p581958 1947)]
Summingthe two changes gives the actual difference between output
originating in 1958 and 1947 (in 1958 prices), X581955 —X581947.On
first blush this all seems straightforward and irreproachable. But, there
are a number of difficulties. Vaccara and Simon cite three:(1) There
may be aggregation problems—both at the final-demand level and within
individual input cells.(2) The underlying production functions may not
be linear and homogeneous. Ergo, scale increases and differential capacity
utilization can lead to biased estimates of the impact of demand vs.
coefficient changes. (3) There may be errors of observation, estimation,
and computation.
Aside from these difficulties, there are index number problems. These
can best be illustrated with a diagram. In order to simplify matters, only
two inputs and a single output will be used in the example.
Figure 1-a shows the results of applying 1947 technology and inputs (in
1958 prices) for the production of actual 1947 final demand. The isoquant
depicted is that of a fixed proportion, linear, homogeneous production
function, i.e., the type implicit in the input-output assumptions above.
In Figure 1-b, an output expansion ray showing the effect of using
more inputs is added.
Similarly, Figure 2-a depicts 1958 technology, inputs, and production
(also in 1958 prices), and the expansion path. Figure 2-b superimposes
Figures 1-b and 2-a in a single diagram.
Now, by adding two circular arcs with the origin as th.e center and the
intersection of the input-output isoquants with the expansion paths as
radii, it is possible to decompose the 1947-58 output change 'a Ia Vaccara-
Simon.
In Figure 3, OA is the 1947 output (in 1958 prices) along the 1947
expansion path. Similarly, OH is the 1958 output (in 1958 prices) along
the 1958 expansion path. The difference between OH and OA is AD =
EH,orX581g58 —X581947.
Now, suppose that in 1947 the 1958 technology had been available.
Then, the 1958 expansion path and 1958 relative prices of inputs would
have prevailed. Production could then have taken place at the point G
on the 1958 expansion path (aa' is a line through point A parallel to 1958
prices at point H). Output (in 1958 dollars) would be 0G. Actual 1947
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FIGURE 3•
Derivation of Final Demand and Technology Contributions
to Output Increments
1958 expansion path, this is equal to OE.' Thus, the result of applying
1958 technology and relative factor prices to 1947 production yields an
output increment of OG —OE=EG,or 1581947,1958— 11947.This
leaves GH as the change in output due to the increase in final demand
from 1947 to 1958, orX581958 —1581947,1958.
Inthe same fashion, it is possible to consider the effect of producing
the 1958 output with 1947 technology and relative costs of factor inputs.
CD equals the loss in output that would have ensued, or X581958 —
15819581947 (bb'is a line through point H parallel to 1947 prices at
point A). AC corresponds to 15819581947— X581947,i.e., the outputs
due to shifts in final demands between 1947 and 1958.
That there is an index number problem should clearly be evident. CD
does not equal EG, nor does AC equal GH. The Vaccara-Simon solution
to this dilemma is to take arithmetic averages of CD and EG and AC and
GH. This does preserve the measure of total change between 1947 and
1958, but it does little else.
1Statedalternatively, A is an interior point in the 1958 production possibility
set. To get the same output as A, at lower cost, production would have taken
place at E.
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The distance EG is essentially a Paasche indicator of the effects of
technological change between the end points of the period while CD
is a Laspeyres indicator.2 Averaging the two gives a bastard measure
of beginning- and end-point quantities and prices.
Moreover, when a third year, say 1964, is added, matters become
even worse. Then, assuming further relative price and technological
shifts, using the Vaccara-Simon technique leads to extremely ambiguous
results.If, for example, 1964 production took place at point K in
Figure 3, it would turn out that the sum of their coefficient change
measures for 1947—58 and 1958—64 would not equal their measure
for 1947—64.
There are other ramifications of the index number problem. The
impact of applying 1958 technology to the production of 1947 final
demands was calculated assuming 1958 relative input prices. It could
just as well have been done with 1947 price relatives, yielding the
measure of coefficient change EF. (Again, this does not necessarily
equal CD.) Similarly, the loss of output from applying 1947 tech-
nology to 1958 production could have been computed with 1958 in-
stead of 1947 relative input prices. This gives the output amount due
to technical progress and coefficient shifts BD (instead of CD).
Finally, outputs are measured in 1958 prices using 1958 relative
importance weights. The answers would be different if the weights
employed were for 1947 or some other year.
Thus, for all these reasons, the need for explicitly confronting the
index number problem should be clear. It should not be casually left
in a gray area of implicit ignorance.
There arefurtherissues.First,thereisthe minor point that
Vaccara 'and Simon cast their analysis in terms of total rather than
partial derivatives. They compute the change in output of an industry
due to all coefficient changes and all final demand shifts. In order to
better understand what actually took place, it would seem desirable to
compute and show two triangular matrices: (1) a set of partial deriva-
tives of output with respect to changes in final demand of each in-
dustry (this might also be put in the form of total increments over
the period); and (2) a set of partial derivatives of output with respect
to shifts in coefficients of each industry.
2Theterm technological change here and above encompasses both the output
increment due to improvement in production processes and that due to choice
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More importantly, the Vaccara-Simon computations give no clue as
to why output and coefficient shifts have taken place. They do not
reveal to what extent the changes are due to technical progress or to
reactions to altered relative prices. No information is gained as to
whether the technical progress is capital or labor augmenting, whether
it is embodied or disembodied, or whether it is merely the consequence
of younger average vintages of equipment or labor education. Nothing
islearned about capital-laborsubstitutionsor their consequences.
These, of course, are all questions revolving about knowledge of pro-
duction functions.Unfortunately, the input—output assumptionsof
Vaccara and Simon preclude acquiring any insights in that regard. Never-
theless, their paper is an interesting, although simplistic, initial attempt
to provide first approximations of the output changes associated with
shifting technical coefficients and final demands. It is hoped that the
authors will continue their study and make it more powerful and
definitive.